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Evolvable Hardware (EHW)

Conventional Hardware  Evolvable Hardware

Specification fixed Spec. changes dynamically

Architecture fixed Architecture changeable
= Hardware circuit is
autonomouly synthesized.




EvolvableHardware =

Evolutionary Computation
_|._

Reconfigurable Hardware




GA (Genetic Algorithm)

Bio-inspired robust search and adaptation

- mutation

» Selection
— select high-fitness chromosomes

e Crossover

— exchange of chromsomes ===

 Mutation

— change of chromsomes




P LA (Programmable Logic Array )
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Basic idea of Evolvable Hardware

 EHW= Genetic Algorithms + Programmable Logic

Initial Chromosome Genetic Algorithm Evolved Chromosome
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Digital Hardware Evolution

e Chromosome determines:
— types of hardware components
— Interconnections among hardware components

e (Gate-level hardware evolution

— Hardware components are primitive gates such
as AND-gate and OR-gate.

 Function-level hardware evolution

— Hardware components are higher hardware
functions such as adders and multipliers.
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EMG Prosthetic Hand

« EMG(electromyograph)
— operated by remaining muscles
 Control of hand feels natural

— same feeling as the hand was available
<> body—powered hand



EMG(Electromyography)

Neuron

(

Observed EMG signal

0 |

Muscle



EMG characterestics

e Specific to individuals
e Depends on muscle conditions

« Depends on sensor positions

K EMG patterns \ / EMG patterns\

| %

Mr. B




Needs of adaptation

« EHW implements a pattern recognition
hardware specific to individuals.

e Boolean logic can implement
a noise—insensitive pattern
recognizer.

« EMG hand can adapt to individuals
very quickly by EHW chip (5min).



Gate Level EHW Chip

e Integration of Conventional
GAhardware | —
and PLA
into a chip

GA

hard PLA
Gate Level
EHW chip Memory
Interface |

e Compact
e Fast



EHW chip v1 block diagram
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EMG hand

ND

3 degrees of
freedom,

6 movements




A autonomous mobile robot EVOLVER




ETL Robot

PrQXimi

« Sensors

— 6 Infra-red sensors: On-Off with 30 cm sensitivity for obstacle
avoidance

— 2 Tracking Cameras: for tracking colored target

- Motors:
— 2 motor- wheels at both sides driven independently
— Controlled by speed
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Data Compression EHW Chip
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Digital Printing

Latest Generation System in Publishing and Printing Industry

Offset Printing Digital Printing
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(Digital Printer: 100 pages/min {
' { Color Copier: 6, 7 pages/min |




Data Compression for Digital Printing

Heavy costs for Data Transfer & Storage

Compressed Data
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Data Compression is an effective technique to reduce heavy costs



Results

Printer Images: JIS/ISO Standard Color Images

Compression Ratio of EHW is about twice better than JBIG

Compression Ratio
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Architecture of Data Compression EHW Chip
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Genetic Reconfiguration of DSPs
Chip (GRD chip)

« Autonomously reconfigurable
Neural Network chip

e 100Mhz 32bit RISC core +
33Mhz 16bit DSP x 15

— RISC : GA, reconfigutation, I/0

— DSP : execution of NN, Steepest

reconfiguration Descent Method

13.5 13.5 : .
(13-5mmx 13.5mm) — scalable connection of the chips



GRD chip: basic concept
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Perfomiance of GRD chip

Operational since last June
second version in progress
10 times faster than Pentium II (400MHz)

200 times faster thanSUN Ultra2
(with 9 GRD chips)

— Execution speed per chip
319MCPS (Mega Connection Per Second)



Adaptive Equalization

« Adaptive Equalization

_ On-line learning is needed to adapt to the
changing environment.

. Fast speed and compact implementation by
hardware. |
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Analogue EHW chip for cellular
phones '

 Off-line analogue EHW

 Intermediate Frequency Filter
— Analogue Band-pass Filter
— Must be compact and fast: LSI required
— Large market |

 Variations in analogue components
performance are adjusted by GA.
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Research Trend (1)

» Bio-inspired machines
— Swiss Federal Institute of Technology

 The Firefly machine
« Ontogenetic Hardware: The Bio Watch

— ATR
e CAM Bram
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Research Trend (2)

 Digital Evolvable Hardware

— University of Sussex

 Evolvable Robot Controller

 Frequency discriminator on FPGA
— NTT Communication Science Laboratory

« Hardware Evolution System AdAM based on HDL
— CSEM

« Field Programmable Processor Array

— Electrotechnical Laboratory
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Figure 2 Frequency domain behavior of best circuit of generation
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Figure 3 Frequency domain behavior of. best circuit of generation
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Figure 8 Best circuit of generation 158 after substitution.




Conclusion

« Industrial Applications for EHW
— Time-variant behaviour (Adaptive)
— Real-time performance
— Fault-tolerant

— Analogue systems

« Promising application domains
— prosthetic hand
— data compression

— analogue devices



